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ABSTRACT 
Strain measurements were taken at several structural steel 
details of the Allegheny River Bridge under normal traffic conditions. 
Previous inspection of the bridge by Pennsylvania Turnpike personnel 
had revealed fatigue cracks in the tie plates connecting the floor 
beams to tt1e outrigger cantilever brackets. Because of this the 
emphasis of the study was on these plates. Strain gages were mounted 
on four tie plates on a floor bea.m and on tl1e longitudinal girders. 
An automatic data acquisition system tr1as used to record the strain 
range occurrences and an an.alog trace recorder was used to determine 
live load strain variations with time. Stress ranges in the girders 
were comparable to measured values obtained by other investigators 
from other girder bridges. Horizontal in-plane bending stresses were 
observed in the tie plates, with magnitudes of these stresses two to 
three times as high as those in the girders. These horizontal bending 
stresses were caused by the elongating and shortening of the top flange 
of girders due to truck traffic. 
A model was developed to describe the tie plate behavior. Two 
boundary conditions were assumed for the model: a simply supported 
case and a fixed-fixed case. The measured stresses at the tie plates 
fall in-between values computed from the model with these two boundary 
conditions. The spectrum of measured strains in several tie plates 
. -1-
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11nd Afl c1tiavate tlf truck trnffle during tl10 1 i fo af tt,o bridgtt were 
uncd ta catimnta tltc cumulnttvo dn.mngc in tt,cac tie plntea by H.inor•1 
tfypothcai11. A comparison between tJ1c root•m<tnn•aqware (RHS) 1troa1 
·" 
range nnd constant cycle laboratory fatigue test data on riveted 
Joints was also made. Results of analysis by both tt1c RMS procedure 
and the H1ncr • s lJypotl1cs is exp la incd tl1c ex is tcnce of the fat iguc 
cracks at the tic plates. Furtl1cr anal),sis by three dimensional models 
are needed for a more accurate description of the tie plate bet1avior 
under traffic load. Also a program to evaluate the fatigue crack 
propagation at rivet holes due to bending is needed • 
-2-
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1. INTRODUCTION 
1.1 Background and Objectives 
Inspection of steel higl1wny bridges in the United States has 
resulted in the detection of fati.guc cracks at certain structural 
details. Details such as the ends of cover plates, web and flange 
attacl1ments and tie plates connecting transverse floor beams and 
brackets have exhibited fatigue cracks at weld toe terminations, tack 
welds or bolt holes. The Yellott1 Mill Pond Bridge on the Connecticut 
Turnpike (1), the Lehigh River and Canal Bridges on U. S. Route 22 in 
Pennsylvania(2), and the Allegheny River Bridge on the Pennsylvania 
Turnpike are among bridges where some of these cracks have been found. 
All of these bridges are located in urban areas and carry very high 
volumes of truck traffic. 
Test data obtained to define the fatigue strength of coverplated 
beams has indicated that the "threshold" level for fatigue is near 5 
k . ( 12) S1 • The crack growth threshold is not well defined for a large 
class of detail, particularly riveted connections. 
The field testing of the Allegheny River Bridge provided an 
. . 
opportunity to gather data for a st~~s~~h~story_study of some bridge 
- -· -- ---------------- ---
details under in-service conditions. The bridge is located on a 
r I j :•-•, 
heavily traveled artery, the Pennsylvania Turnpike, outside the city 
-3-
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Titin 1trea1 llintor)~ 1tud)' prenc,,ta tllc mctltod of dntn acquiai.tion, 
tllc 1trc1scs observed, vcl1tculnr trnvcl or, tt1c bridge, tl1c fat iguc 
crncks nnd their possible causes, correlation between laboratory nnd 
field test results, and predictions of the life of the replaced tic 
plates. 
1.2 Description of Bridge 
TI1e Allegheny River Bridge, Fig. 1, is composed of a 4-span con-
tinuous beam-girder bridge and a 5-span truss bridge. The bridge 
carries both east and westbound traffic. '11le tie plate details, some 
of which developed fatigue cracks, were located in the 4-span con-
tinuous beam-girder bridge. An end span and part of a second span 
(see Fig. 2) were chosen for testing because of their ac essibility. 
The plan and elevation of the 104'-4" end span and the 130'-5" 
second span are shown in Fig. 3. The longitudinal girders are 7 ft. 
1/2 in. deep in most of the test spans except where they are haunched 
at the piers to 9 ft. 1-1/2 in. A typical cross-section of the bridge 
is shown in Fig. 4a. Tile end span has a load carrying steel system 
composed of 11 floor beams (web: 66 in. x 3/8 in., flanges: 2 angles 
6" x 6" x 1/2" with outrigger brackets and 12 stringers (W12 X 62). 
The end span contains a hinge, located 78 ft. ·3 • 1n. from the west 
abutment (see Fig. 3). The second span has a similar load carrying 
system. A typical (the original) tie plate detail (14" x 1/2" x 
4' 7-15/16") is shown in Fig. 4b. 
-4-
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pike 1ev~rnl crnck1 in the tic plntb1. 
Upon furtllcr inspect ion in Janunry of 1972, a 11 t it1 plntt,a we.rt, ,again 
the cracks tl1at were 1,n the test spans is given ln Fig. 5. Some rivets 
conncc ting the tic plat cs to tltc first outboard or first inboard 
stringer were found to be ineffective as a result of either stretching 
of the shank, fracture through the shank or popped rivet heads. n1csc 
'"' 
rivets are indicated by the darkened circles in Fig. S. 
Appendix A shows that most of the cracks were at or near the 
piers and abutments. All cracks origin.ated from rivet holes; most 
cracks forming where the tie plates were connected to tl1e main longi-
tudinal girders. 
In the spring of 1972, reinforcement tie plates (17" x 1/2" x 
4' 7-15/16") were added to the structure. The original cracked tie 
plates were groove welded at the crack locations and the reinforcement 
plates were placed on top of them. The bolt holes in the reinforcement 
plates were matched to those of the original plates for ease of 
installment. At two locations, the original tie plate was removed for 
examination and only the reinforcement plate alone is in place. In-
service testing was conducted in the fall of 1972. 
-5-,' 
2. STR,\lN MTA ACQUISITION 
2.1 Strain Gages 
Electrical rcsi,stancc strain g.11gcs were mounted on the reinforce-
ment tic plates, on the longitudinal girders, and on a floor bcnm to 
obtain stresses under traffic. Eigl1tcen gages on the reinforcement 
tie plates were located wt1ere several fatigue cracks l1ad been pre-
viously discovered in tl1c original tie plate. n,e approximate 
location of the gages are schematically shown in Fig. 6. n1ese gages, 
placed parallel to the edges of the tie plates, were generally 
located on the outboard stringer side of the tie plate connection to 
the main girder as illustrated in Fig. 7. 
Three strain gages were placed on the main girders: one on the 
top flange of the right (eastbound) girder near the haunches, the 
second on the bottom near the abutment at the end of the cover plate 
of the same girder. The third gage was placed on the bottom of the 
left girder, nea~ the abutment at the end of the cover plate and· 
syrrnnetrical to the gage on the right girder (see Fig. 8). Two strain 
gages, located directly below stiffeners, were placed on the bottom 
of a floor beamo 
The gages used were 1/4 • 1n. long electrical resistance gages of 
the foil type. Moisture and other environmental effects to the gages 
aturc eumpcnsatin,g g11gcs and plntca. 
2.2 Recording Systems 
Two independent systems were used to monitor strains due to 
traffic: tl1c 1-.,.HWA automnt ic data acquisition system and an ultra-
violct analog trace recorder. 
n,e FHWA system was used to monitor strain ranges at the gage 
locations over extended time intervals. Located in a van, the system 
shotm in Fig. 9, consists of an amplifier, an analog-to-digital con-
verter, a computer and a teletype machine(J). Prior to monitoring, 
ten strain range levels were chosen for each of the ten gage locations 
being monitored simultaneously. A test level (the tenth level) was 
also defined for each gage to exclude very low strains due to vibration 
and automobile and light-weight truck traffic. A time period (for 
example, one hour) was selected to print out the data. The computer 
then began monit:'f>ring. As a vehicle traveled across the bridge, the 
. 
variation of strain at each of the ten gage locations were amplified 
and the magnitudes of the strain ranges were stored i~ the computer. 
The number of strain range occurrences between two chosen strain 
levels during the period were then printed out as in Fig •. 10. To 
reduce the effect of drifting of the zero level of strains, the.level 
. was checked periodically during the monitoring periods. Thi·s helped 
insure accurate recording of the strain ranges. 
• 
An ana lnR t ractt rctc<lrder VAtl Al 1u uattd tu gatt1or dntn an typicn l 
otrnln vnrinttotll due ta trnffic. Figure l l 1t1mn A typi.cal Amalog 
trncc of live-load 1tr11tn m.:11gnitudc1 n1 n functtan 0£ ttmo. Tilo nnalog 
recorder nnd tl1c F'lfWA systc.m could monitor acvornl gages simultaneously. 
Correlation of dntn was checked by simultaneous recordings of the 
systems for sl1ort periods ( 16 minutes) of t imc. 
2. 3 Tra f fie ldc.nti ficat1on 
Visual observation and recording of traffic flows were undertaken 
for short periods of time in conjunction with analog trace recording. 
Traffic on the bridge could then be correlated with recorded strains 
in the tie plates, girders and floor beam. 
The truck classification and their sketches are shown in Fig. 12. 
Some traffic vehicles (that is, passenger automobiles and panel 
trucks) were excluded because they generated very small strains. 
2.4 Strain Recording Period 
Tilis study was undertaken from November 10, 1972 to November 17, 
1972. The chronological record of strain data acquisition is shown 
in Fig. 13. A total of 143 hours of strain data were acquired for the 
stress history. 
) 
.. 
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3. STRESS MAGNITUDES 
3.1 Stresses in the Reinforcement and Original Tic Plates 
nlc cracks in tl1e original tic plates were repaired by groove 
welds. The rivets were removed and reinforcement plates placed on top 
of the original plates. Both plates were tl1en bolted to the flange 
of the floor beams and the outrigger brackets as well as to the first 
inboard and outboard stringers and tl1e main girders, as shown in Fig. 
14. Stresses obtained at the gaged tie plate locations reflected this 
composite plate behavior provided by the original and the reinforce-
ment plates, except at floor beam No. 0, left where the origin.al 
plate was removed for examination. 
The analog traces of strain variations indicated that each truck 
crossing the bridge caused a stress range occurrence at all gage 
locations. The recorded strains in most of the tie plates were much 
higher than those observed in the girders and the floor beam. 
Assuming a modulus of elasticity for steel of thirty million 
pounds per square inch, recorded strain values were converted linearly 
tp stresses. The maximum live load stresses in the tie plates, as 
recorded by the analog traces, are shown in Table 1. The highest 
recorded stress was 18.6 ksi. Most of the recorded stresses were 
caused by a single truck, but occasionally two trucks were seen 
,_9 .. 
( 
• 7 
n 
r r 0 • 
• 
1 . d C · t pl w . b c . d to b s 
nth hor zont dir cti n (or ign) of th s t 
bot h sides of th longi tudina l g · rder sugges t d t ha t t h hor izont al 
bending was induced by a r elative movement be tween the girder and the 
ends of the tie plate . Stress distributions were about the same at 
other tie plates. Only small values of stress were recorded at the 
centerline of the tie plates, indicating small axial elongation or 
vertical bending. 
Superimposition on the plan-view sketch of _the tie plates of the 
stress distribution caused by a truck at each of the gaged tie plates 
\ 
is shown in Fig. 20. From the stresses obtained for these plates the 
au1.xlnum t1orl.ia,1tnl bending 1tr~a1c1 vcre t1tghcr t1c,11r tl1c nbutmttnt 41nd 
pier. n.1, agrec1 witl1 tfltt crack pat ton, ob1orvc.d in the t to plnte1 
(see Fig. 5). Figure 20 nlao 1ndic4tca tl~t strcsaca In the tie plntca 
were dependent on t11c location of tJ10 tic plates in the bridge. 
3.2 Stresses in the Girders and in a Floor Beam 
Very low live load stresses were observed in the main girders 
and in a fllor beam of the Allegl1eny River Bridge. A sWl'INlr·y of the 
maximum live load stresses at tl1e gaged locations on the girder flanges 
and the floor beam, as recorded by the analog system, is given in 
Table 2. 'nle table also shows the highest stress range levels selected 
for tl1e FHt.J'A sys tern for the gages on the girders and floor beam. The 
maxinrum live load stress magnitudes in the girders were in the order of 
2 to 3 ksi with maximum stress ranges between 3 and 5 ksi. These 
recorded values are comparable to results reported by other investi-
gators on main longitudinal members of shorter spans( 3 , 4 , 5). 
The main girder design stresses were found by loading an HS20-44 
truck in one lane of the bridge. Gage 21, located near floor beam 1 
on the bottom of the left main girder, experienced maximum live load 
stresses of about 2.4 ksi and stress ranges in the order of 4.65 ksi 
during the field studies. Both these magnitudes of stress and stress 
range fall below the calculated design live load stress of 9.6 ksi. 
The time variation of stresses on a point of a girder due to a 
truck is shown in Fig. 21. The superposition of the static response 
and vibrational stresses gives the total stresses. 'A similarity exists 
-11-
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4. STRESS EVALUATION 
.. 
Pigurc 23 sl,ows tile strain variation traces at gage 12, loCllted 
on a tic plate, and gage 20. located at a point on the girder, due to 
various ty·pcs of trucks traveling across the bridge. (For truck types, 
sec Fig. 12). The traces sl1ow tl1at eacl1 truck crossing the bridge 
caused a stress range excursion at the tie plates and the girders. 
n,e traces also indicate that the stress-time pattern at a tie plate 
on the bridge was the same for all ty·pes of trucks, only the magnitude 
of the strain range changed. This suggests a direct relationship 
between the strain variation in the tie plates and the strain occurring 
in the longitudinal girders. 
4.1 Model of Analysis 
In the stress evaluation of the Lehigh Canal Bridge(2) a prelim-
inary model was assumed to describe the behavior of the tie plates due 
to a vehicle crossing the entire bridge. Horizontal bending in the tie 
plates would be caused by any longitudinal displacement at the top 
flange of the girder. A two-dimensional model was developed to 
describe more accurately the tie plate behavior in the Allegheny 
River Bridge using the concept of displacement induced moment. This 
• 
moqel is also valid for the Lehigh Canal Bridge and other bridges 
having similar geometry and tie plate configurations. 
-13-
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f d r d , 9, d 
C i t o th top 
C . 0 = C 9 . S · p th g' rd r du to tr £fie ov r th bridg 
can be estunat d f rom th inf ence lin for slope at th point of 
interest. Th change of slope as a truck travels across the bridge 
causes back and forth rotation, Q, and longitudinal displacement, r 
6 , of the top flange caus ing horizontal bending in the tie plate. r 
The range of horizontal bending moment is therefore, ~r = a c Qr. 
4.2 Results of Analysis 
• 
The approximate influen1Jline for the slope of the girder at 
the abutment of the bridge was computed and is shown . in Fig. 26. The 
-14-
• 
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z t b ~n m ( e: - (X 
line rly proportio to th rd r 
Q) ' th . 
op. ·. u t 
t o· 
t 
str n 
pl t 
lu nc 
line for t h ti pla t s is an logous t o th influenc lin s for slope 
n the longi t udinal girder at t he t ie pla t e loca t ion . Figure 27 shows 
" a compar ison be tween t he s train varia t ion fo r gage 15 , loca t ed on tie 
plate 3A-R under the eastbound lane , with the approxi mat e slope of the 
deflection curve at the same location on the girder. It is apparent 
that these two curves are compatible with each other. 
For a more complete and accurate evaluation of the Allegheny ,,. 
River Bridge, a three-dimensional analysis should be undertaken. 
-15-
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5. STR£SS RANG£ OCCURRfl'CES 
An ex.ample of datn output from the F'lfWA system is shown in Fig. 
10. 111e system was programmed to record the number of strain range 
occurrences between prcdctcnnincd m.,-ignitudes of strain ran.gcs. These 
magnitudes of strain ranges arc converted to stress range levels 
assuming E = 30,000 ksi. Table 3 1 ists the stress range levels and 
the number of stress range occurrences between these levels. Observa-
tions showed that one vehicle causes one stress range occurrence. 
Gage 5, for example, \t/as subjected only once to a stress range greater 
than 11.7 ksi. It had ten occurrences between 10.5 and 11.7 ksi; 
thirty occurrences bett,1een 9.3 and 10.5 ksi; etc. The total number of 
stress range occurrences for gage 5 were 4.429 over a recording period 
of 34 hours and 14 minutes. Sometimes the highest (first) strain 
levels were not set high enough, although these are a very small 
percentage of the total number of occurrences. Gages located on the 
same tie plate and having similar recording times, experienced dif-
ferent totals of stress range occurrences. For example, gages 5 and 
8, located on the same tie plate and having the same recording time 
(34 hours and 14 minutes) experienced 4,429 and 28,984 stress range 
occurrences respectively. This is because gage 5 ~ad a larger number 
of stress range occurrences below the threshold of 0.9 ksi than did 
' gage 8. The same is true for the other gages on the same tie plates. 
-16-
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k • 
3 n 11 , 1 
r 0 i h r b or 
5, c t d n r t h h n t brid • 8, lac t d 
p t n ar t he pi r also xp ri nc d mor occurr nc sat high rs ress 
r ange levels . TI1e gages on the main longitud inal members (gages 20 and 
21) had re l a tive l y l ow stress r ange l evels. Tile double-peaked hi sto-
grams f or the girders indicates the e ffects of 2-ax l e and empty trucks 
and larger and heavy trucks, respectively. Only the larger and heavier 
trucks induced stresses above 1.8 to 2.4 ksi. 
-11~ 
6. TRAFFJ.C RECORDS 
6.1 Traffic Counts 
Traffic counts were taken on the Allegheny River Bridge during 
the in-service testing period, on four consecutive week days for 40, 
60, 100 and 19 minutes respectively. n1c results are summarized in 
Table 5. n1e highest volume of trucks consisted of 5-axle tractor 
semi-trailers (3S-2). The percentage of tl1e different types of trucks 
traveling in the eastbound direction was almost the same as those 
traveling in the westbound direction. 
The Pennsylvania Turnpike Commission classifies vehicle traffic 
by weight. Table 6 lists the truck traffic flow over the bridge 
during the field testing period (11/10/72 - 11/17/72). Table 7 lists 
the frequency of occurrence of various truck types during the same 
period. The high percentage of vehicles between 19,000 and 80,000 
lbs. compares with the high percentage of five and four axle tractor 
semi-trailers observed in Table 5. The results from Table 7 are 
plotted as gross vehicle weight vs. frequency histograms for the 
eastbound and westbound directions in Figs. 34 and 35. Both of these 
histograms show two peaks, indicating large numbers of loaded trucks 
at 62 to 80 kips and large numbers of loaded smaller trucks (2D, 3) 
and unloaded tractor semi-trailers at 19 to 30 kips. These records 
-18-
, 
1 7 
. 37 V 
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The general agr eement of the Pennsy l vani a Turnp ike r cord s fo r 
th Al l egheny River Bridge with the twenty stat i on PennDOT and nation-
wide records indicates that the Turnpike records can be considered 
representative of the actual nominal truck traffic over similar 
structures. The vehicle induced stresses in the tie plates can also 
be considered nominal. The stress frequencies will be correlated with 
traffic records in the next chapter for the evaluation of the fatigue 
cracks. 
-19-
' ' 
7. CORRJ!LATION OF Tkt\Ff,~Jc AND STRRSS DATA WlTif 
FA TIGUE TEST RESULTS 
• 
7.1 Fatigue Test Dntn 
Recent fatigue tests on beams and girders cstablisl1ed that con-
stant amplitude fatigue test data can be represented by straight 
lines on a log-log plot of stress range vs. number of cycles to 
failure. n1e Slopes of tl1ese 1 ines for different types of details 
on beams and girders is practically tl1e same. ( 6) Hansen ( 7) and 
Baron and Larson(B) performed laboratory fatigue tests on riveted 
joints under constant stress range cycles in tension. 1he specimens 
from these two test series had similar rivet configurations as the 
tie plates on the Allegheny River Bridge. Figure 38 shows the data 
from the two test series plotted as a function of stress range and 
cycle life. The solid line in the figure is plotted using the mean 
values of the test data and the slope of the line representing the 
fatigue characteristics of cover-plated beams. 
In order to evaluate the fatigue cracks in the original tie 
plates through correlating the measured stress spectra of the tie 
plates with constant amplitude fatigue test results from the riveted 
joints, adjustments must be made to estimate the stresses at the rivet 
holes of the originally cracked plates. First, adjustments of 
stresses are made to the original tie plate from the measured values 
•. 
-20-
7.2 
r ( ) th d ( 10, 1, 2) i hs h tr 
• rang s n spectrum nd conv rt th p ctrum into n quiv 1 nt 
cons t ant amplitude cyclic stress range which is correlated with the 
number of cyc l es corresponding to the spectrum . 
Th e stress r ange spectra of the gages on the t ie p la t es a r e 
given in Table 3. The spectrum at any gage was adjusted, as described 
above, to the edge of the r i vet hole. Tile RMS values of the adjusted 
stress ranges above an ,estimated crack growth threshold . level of 4 to 
5 ksi(l)) were evaluated for a number of gages and are presented in 
Table 8 as SIRMS at' the rivet hole. The cumulative frequencies of 
-21- ( 
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• 
t i v 1 u y l 
for th t · pl t urmn r z d 'n T bl 8 p t d • 38 nd 
compar d w · th the mean (solid) lin ba don th 1 boratory results 
of Hansen, and Baron and Larson . All the data points lie on or to 
the right of . this line. Since all the tie plates experienced fatigue 
cracks at the rivets, this is as expected. Figure 38 indicates that 
the RMS stress range provides good correlation between the field 
test data and the laboratory test results. Laboratory fatigue tests 
in bending should be undertaken on tie plates with the same geometry 
and rivet configuration found on the Allegheny River Bridge to give a 
more accurate simulation of the tie plate behavior. 
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d d V lop 
fo r t p 1 t 
ur 
• • • 
1 r 
• n ' k 
v h hr th n .0. 
nth tabl , th valu i much hi hr th 1. 0, thus 
fat'gue cracks would b exp ct d, and all the tie plat es did exper-
ience fatigue cracks. 
The results of Table 9 indicate that Miner's Hypothesis can also 
be used to correlate field measurements and laboratory test results 
in terms of stress range and cycle life. .. 
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S nc th c us o l n ·tud i n d'splac ment t h pl t 
has not be n e ; minat d, hor·zontal bend~ng stresses at the edge of 
rhe reinforcement plates and a t the tack welds could be expected to 
be as high as or higher than those on the original tie plates. Con-
sequently, under extremely high volumes of truck traffic across the 
bridge, fatigue cracks may be anticipated to initiate from the tack 
weld as it did in· the Lehigh Canal Bridge( 2). Periodic inspection 
of the tie plates is therefore recommended. 
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8. Stn-ot\RY AND CONCLUSIONS 
n1c followi_ng su.mm.11ry and conclusions con be drawn from tl1c field 
studies and the analyses of the girder-and-floor beam spans of the 
Allcgl1cny River Bridge: 
1. TI1e stresses of the main girders under normal traffic 
were lower than the design live load stresses for the 
members. TI1e magnitude of the observed stresses were 
similar to those observed in longitudinal beams and 
girders of other bridges. The live load stress 
variations due to traffic could be evaluated through 
common procedures of structural analysis. 
2. Normal stresses of relatively high magnitude (18 ksi) 
were measured at the tie plates connecting the outrigger 
brackets and floor beams over the main girders. The 
stresses in the tie plates were much higher than those 
observed in the main longitudinal members. 
3. Stress distribution in the tie plates indicated 
longitudinal bending of the plates. The pattern 
of stress distribution was not affected by the type 
of trucks but the magnitudes of the stresses were 
affected. The stress distribution pattern suggested 
-25-
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6. Th m surd tr h ' story t t rid w s 
compat'bl w th the fr qu ncy d"stribut ion of trucks 
reported by the Pennsylvania Turnpike Commission. 
The stress history also was compatible to the 
di stribution reported by PennDOT on comparabl e 
roads, as well as to the records of a nationwide 
study. 
7. Measured stresses in the repair reinforcement tie 
plates were converted to stresses in the original 
tie plates for the evaluation of fatigue cracks. 
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p 
d 
b 
• 
ck w ld 
t 
1 
C ck c urr n h 
d d r th r pa r of th 
origin 1 p ts and add.t ion of the re·nforce-
ment plates. 
11 . A comprehensive laboratory testing program is 
needed to collect data on the effects of tie 
plates due to horizontal in-plane bending. 
Also, it is necessary that tests be undertaken 
to evaluate the stress concentration at rivet 
holes due to bending stresses. 
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* 
* 
1* 
0 
11 
2 
13 
14 
15 
16 
17 
18 
* 
7 
• 
• 
• 
• 
• ' 
2. 4 
4. 
16.8 
7.5 
0.9 
6.6 
11.4 
0.6 
10.8 
• 
7. 
7. 
17.1 
4 . 4 
--
11.7 
17.1 
--
14.4 
.. 
(!)Maximum live load stresses at gage locations due to a truck crossing the bridge. 
(2)Highest stress range level selected for counting of stress range 
occurrences. 
* Original plate removed, gages only on replacement plate. 
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,7 
. , 
• 
6 5. 7 
7 4 . 5 
8 3 ,3 
9 2 . 1 
Min. 0.9 
. Total N 
Recor~ed 35 :4~ Hr: Min 
7 
677 
4350 
6385 
11,590 
7 
7 
• , . 
2 
• • 
,3 ! 
5. 7 6. 9 
344 
4. 5 5.4 
501 
3. 3 3.9 
1624 
2.1 2.4 
1985 
0.9 
5116 
34:43 35:43 
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' 1 . 
• • 
7 
.. ' . I 
2 . 7 52 
5. 7 
• 
383 . 5 3 0 
4.5 5.4 
472 47 552 
3.3 3.9 
1802 1163 2213 
2 . 1 2.4 
4104 3097 8140 
0.9 0.9 
7617 4429 12,940 
34: 14 61:27 
7 
,, • 
7 
• 
: • 7 7 .7 • 
2 
5 2. . 9 I 
• • 8.4 I 
332 6 4 392 434 
0.5 8. ' 8.1 8 . 1 .9 
309 41 43 423 694 
7 8.1 6.3 6. 3 6 . 3 5.4 
632 107 76 494 1101 
8 5.7 4.5 4.5 4.5 3.9 
4697 2745 3261 3770 3430 
9 3.3 2.7 2.7 2.7 2.4 
22 254 16 482 17, 305 5708 
Min 0.9 0.9 0.9 0.9 0.9 
Total N 28,984 7,569 22,491 23,840 11,837 
Recor~ed 34 : 14 Hr: Min · 43:59 43:59 43:59 - 45:28 
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7 
8 
9 
Min 
Total N 
Recorded 
Hr: Min 
) 
• 
• 
5. 7 
4 . 5 
3. 3 
2.1 
0.9 
20:09 
I 
I 
7 
429 
3474 
5323 
11,828 
1 
7 i 
. 7 
• 
8. 1 
·• 
932 
6. 3 5. 4 
428 766 
4.5 3.9 
1693 5085 
2.7 2.4 
5010 9161 
0.9 0.9 
7888 18,267 
20:09 47: 22 
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5 
6 
7 
8 
9 
Min 
Total N 
Recorded 
Hr: Min 
1 . 5 
75 
1. 20 
94 
1.05 
16 
0.90 
135 
0.75 
131 
0.60 
575 
35:19 
. • 7 
' I. 
2 
243 
• 5 
303 
.2 
481 
0.9 
398 
0.6 
2159 
25: 19 
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• 7 
2 
• 2.7 
15 
• . . 4 
72 5 
2.4 2. 
46 14 
1.95 1.8 
53 26 
1.5 1.5 
54 30 
1.05 1.2 
44 23 
0.9 0.9 
404 105 
7:57 16:08 
I 
w 
+:' 
I 
2D 
3 
2S-l 
2S-2 
3S-2 
Total 
.MONDAY 
11/13./:72 
4·0 Min. 
.is: 
1. 
:1 
.7 
·,. ·33 
.. . . ... 
TABLE 5 - ALLEGHENY RIVER BRIDGE TRAFFIC COUNT DATA 
FIELD STUDY DATA 
TUESDAY 
11/14/72 
60 Min. 
WEDNESDAY 
11/15/72 
100 Min. 
TiiURSDAY 
11/16/72 
19 ?-fin. TOTAL IRA.FF IC ?OTA L TRA P'Fl C ( :.';) 
East West East West East West East West East West 
1.6. 26 29 4 5 61 40 16.31 12.90 
:0 3 4 3 0 12 7 3.21 2.26 
3. 
· ... · 5 10. 11 l 2 15 18 4.01 5.81 
-1·a· . . . 
.18. 24 25 2 · .. . 5 51 48 13.64 lS.48 
.s:t 126 129 .. 2·5. 15 235 197 62.83 63.55 
8.8· 
•. 
194 198 35 27 374 310 100.00 100.00 
.. 
• 
I 
w 
U"I 
I 
WEIGHT 
(kips) 
FRIDAY 
11/10/72 
TABLE 6 
• 
TRAFFIC FLOW OVER THE ALLEGHENY RIVER BRIDGE (11/10/72 - 11/17/72) 
(PENNSYLVANIA TURNPIKE CO?-fMISSION) (24 H:RS.) 
SATURDAY 
11/11/72 
SUNDAY 
11/12/72 
MONDAY 
11/13/72 
TUESDAY 
11/14/72 
ltlEDNE SM Y 
11/15/72 
ntlJ"RSDA Y 
11/16/72 
FRIM 't 
l l / l 7172 
East · West East West East West East West East West East \Jest East West East VC!'st 19-30 · 460 594 173 212 58 81 388 525 438 518 454 487 433 561 461 Sl2 
45-62 
62-80 
. 80-100 
Over 
100 
323 331 158 184 104 108 281 275 344 290 359 
383 320 252 170 168 131 359 262 355 329 459 
508 484 297 241 191 237 385 506 487 609 562 
21 18 17 7 6 8 8 13 16 18 22 
0 0 0 0 0 0 0 4 0 2 l 
317 400 373 335 )40 
341 407 331 401 322 
619 537 626 ;34 1>22 
18 18 18 lS 12 
0 0 0 0 0 
Total 1695 1747 897 814 527 565 1421 1585 1640 1764 1672 1782 179S 19,09 1747 1128 
f' ;.. -
I I I I 
• 
• 
• • 
so- 1 00 23 2 l . o. 
V r 100 6 0.01 0.05 
TOTAL 11 , 579 11,894 100 .00 100.00 
" 
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T 4 . 
• 
BLE 9 
CORRE BY R • S HYPOTHESI S 
n* E-
Plate Gage N Remarks 
(Test Data) . 
ABUT RT 3 1 . 64 Cracked at Rivet 
ABUT LT 11 2.47 Cr acked a t Rivet 
3A RT 15 1.16 Cracked at Rivet 
5 RT 18 2.10 Cracked at Rivet 
* N determined from estimate of mean. 
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Fig. 2 
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Allegheny River Bridge (Side View) 
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Fig. 4a Bridge Cross Section 
• 
.. 
Stringer 
'l Girder 
• 
t Stringer 
.. 
t Bracket 
~ 22.5" +3~.511 , l Floorbeom 
Fig. 4b Original Tie-Plate Detail 
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Fig. 9 FHWA Data Acquisition System 
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